The optimum extraction conditions of phenolic compounds from ginger were evaluated with respect to antioxidant activity and angiotensin converting enzyme and α-glucosidase inhibitory activities. Free phenolics were extracted under conditions that varied according to extraction time, temperature, and solvent type (water, acetone, and methanol). Acid and base hydrolysis reactions were used to obtain bound phenolic compounds from ginger. The results showed that the type of solvent used and the temperature and time of extraction needed for maximal total phenolic content, antioxidant activity, and angiotensin converting enzyme inhibitory activity differed greatly from solvent conditions and showed the greatest α-glucosidase inhibitory activity. The predominant free phenolics in the methanol extracts included diosmin, thymol, and carvacrol, which varied greatly according to solvent extraction conditions (i.e., time and temperature). Diosmin was the predominant bound phenolic compound of the methanol extracts. The present study findings indicate that differing solvent extraction protocols involving extraction time and temperature for ginger need to be explored to generate specific optimal bioactivities of the extracts, which are related to the pattern of predominant phenolics in those extracts.
INTRODUCTION
The Mediterranean area, including Jordan, Turkey, Greece, and Palestine, is well known for its biodiversity of wild medicinal plants such as ginger, thyme, spearmint, and rosemary. [1] [2] [3] [4] [5] Novel
The samples were prepared according to the method described by Alu'datt [22] with some modifications. The medicinal plant (Zingiber officinale Z.) was harvested during the maturation season of 2009. Zingiber officinale Z. was washed to remove soil residues followed by freeze drying at -55ºC and 10 mTorr for 48 h. The dried plants were ground and stored in plastic bags at -18°C for further analysis.
Optimization of Extraction Conditions
The phenolic compounds were extracted based on the procedure described by Preva-Uzunalic et al. [23] with modifications. The optimization of phenolic extraction was evaluated via consideration of the extraction parameters of temperature, time, and solvent type. One gram of ginger was subjected to various extraction conditions and extraction times (1, 3, 6 , and 8 h) using 25 mL of different extraction solvents (methanol [ME], acetone [AC], distilled water [DW]) and solvent combinations (1:1 or 1:1:1 v/v) at different extraction temperatures (40, 50, and 60ºC) . Each extract was filtered into 25 mL volumetric flasks using Whatman No.1 filter paper. The extract volume was brought to the final mark of the volumetric flask (25 mL) and stored at -18ºC for further measurement.
Extraction of Free Phenolic Compounds
Total free phenolic content was measured according to the method described by Alu'datt et al. [22] One gram of ginger was mixed with 25 mL of ME for 1 h at 30°C in a water bath followed by centrifugation (10,000 × g, 10 min) to generate the supernatant containing free phenolic compounds. To obtain free phenolic compounds using ME extraction at 50°C, the residue remaining from the above ME extraction was mixed with 25 mL of ME for 1 h at 50°C in a water bath followed by centrifugation (10,000 × g, 10 min). The supernatants from all of the above methanolic extractions were filtered using cheesecloth and stored at -18°C for further analysis. The residue from the ME extraction at 50°C was kept for further extraction of bound phenolics.
Extraction of Bound Phenolic Compounds
The total content of bound phenolic compounds was measured according to the method of Alu'datt et al. [22] The residue from the ME extraction at 50°C as described above was subjected to either acid or base hydrolysis to liberate the bound phenolic compounds. Base hydrolysis consisted of using 25 mL of pH 12.0 (0.1 M NaOH) at 35°C for 12 h in a shaking water bath, whereas acid hydrolysis involved using 25 mL of HCl of pH 2.0 (0.1 M) at 30°C for 12 h in shaking water bath. The liberated phenolic compounds from the base and acid hydrolysis reactions were extracted with 25 mL ME at 30°C for 1 h in a water bath and then centrifuged (10,000 × g, 10 min). The supernatants were filtered through cheesecloth and stored at -18°C for further analysis.
Phenolic Content Measurement
The Folin-Ciocalteu spectrophotometric method was used to measure the phenolic content of each extract. [22] One milliliter of phenolic extract was diluted in 50 mL of DW and 1 mL of diluted phenolic extract was mixed with 7.5 mL of DW and 0.5 mL of Folin-Ciocalteu. The mixture was left for 4 min, and then 1 mL of 5% sodium carbonate (Na 2 CO 3 ) was added to neutralize the reaction. The green color was developed after 1 h and was measured at a wavelength of 725 nm using a spectrophotometer to determine the phenolic content in each extract. The content of phenolic compounds in each extract was expressed as milligram of gallic acid equivalents per gram of dry matter (mg of GAE/g).
Antioxidant Activity
Antioxidant activity of the phenolic extracts was determined according to Alu'datt et al. [22] Βetacarotene stock solution was prepared by mixing of 5 mg in 50 mL chloroform. A 3 mL aliquot of the β-carotene stock solution was mixed with 50 µL of linoleic acid and 400 mg Tween 20. Chloroform was evaporated using nitrogen, and the residue was mixed with 100 mL of DW followed by vortexing to mix with oxygen. The β-carotene/linoleic acid emulsion was mixed with 100 µL extract solution at 50ºC for 60 min in a water bath. The antioxidant activity was evaluated by measuring the color absorbance at 470 nm over 60 min using a spectrophotometer. The antioxidant activity was expressed using the following Equation (1):
where AA% is the antioxidant activity; DR c is the degradation rate of the control sample. DR c = (In (A/B)/60), DR c is the degradation rate in the presence of the sample and DR s = (In (A/B)/60); A is initial absorbance at time 0 min; and B is the absorbance after 60 min.
ACE Inhibitory Activity
ACE inhibition was determined using the method previously described by Cushman and Cheung [24] with some modifications. Hippuryl-L-histidyl-L-leucine (HHL; Sigma Chemical Co.) solution was dissolved in 50 mM HEPES-HCl buffer (Sigma Chemical Co.) containing 300 mM NaCl (pH 8.3). A total of 200 µL of HHL solution (0.3% w/v) was mixed with 80 µL of phenolic extracts. 0.33 U of ACE enzymes (Sigma Chemical Co.) were dissolved in 1 mL of DW. Fifty OPTIMIZATION OF EXTRACTED PHENOLIC COMPOUNDS FROM GINGER microliters of diluted ACE was mixed to initiate the reaction followed by incubation for 15 min at 37ºC. The reaction was stopped by addition of 250 µL of HCl (1 M). The hippuric acid liberated from the reaction was removed from the solution by using 2 mL of ethyl acetate. One milliliter of ethyl acetate layer was separated by centrifugation and evaporated by heating in boiling water for 15 min followed by addition of 3 mL of DW. The absorbance of the sample was measured by UV spectrophotometry at 228 nm. The blank was prepared by adding 250 µL HCl (1 M) before incubation. The amount of hippuric acid liberated from the reaction in the absence of inhibitor was defined as 100% ACE activity. The ACE activity and ACE inhibitory activity were calculated by the following equations:
where 2 is the conversion factor because hippuric acid detected is 1/2 of total amount produced in the assay, and 3 (in Equation 2) is the total volume of hippuric acid solution (mL). The 9.8 value is the millimolar extinction coefficient of hippuric acid at 228 nm and 15 is the time (min) of the assay per the unit. The 0.91 factor is the extinction efficiency of ethyl acetate and 0.05 refers to the volume (mL) of enzyme used.
Inhibition of α-Glucosidase Activity α-Glucosidase inhibition was determined using the colorimetric method described by McCue et al. [25] with modifications. The α-glucosidase solution was prepared by mixing 1 mg of α-glucosidase (Sigma Chemical Co.) dissolved in 5.7 mL of phosphate buffer (pH 6.9). Five mM 4-nitrophenyl α-D-glucopyranoside (Sigma Chemical Co.; 0.151 g) was dissolved in 100 mL phosphate buffer (PH 6.9) in volumetric flask. Fifteen microliters of sample extract was mixed with 100 µL of αglucosidase solution and left for 10 min at room temperature. Thereafter, 50 µL of 4-nitrophenyl α-D-glucopyranoside was added and absorbance measured at 405 nm using a spectrophotometer (Dynatech, MR5000). The extract was replaced with extraction solvent for the control samples. The mixture was incubated for 5 min and absorbance was read at the same wavelength against the control. Percentage of inhibition of α-glucosidase was calculated using the following Equation (6):
where ΔA 405 is the difference between the absorbance before and after incubation.
RP-HPLC Analysis of Individual Phenolic Compounds
Individual phenolic compounds were separated and evaluated according to the method described by Alu'datt [22] with some modifications. Phenolic extracts from ginger were evaporated under a stream of nitrogen and then dissolved in 1 mL of ME. The sample was mixed with ME, centrifuged (5000 × g, 10 min), flushed under a stream of nitrogen and stored at -18ºC for HPLC analysis. The supernatant was filtered through 0.45 µm Millipore TM membrane filters prior to RP-HPLC analysis. HPLC analysis was carried out using the Agilent 1100 series HPLC system (Agilent Technologies, Waldbronn, Germany) for liquid chromatography equipped with a quaternary gradient pumping system (Agilent, G1312) for high-pressure solvent delivery, an automatic injector (Agilent, G1313A, Agilent Technologies) with a 100 μL loop and a variable wavelength UVdetector (Agilent, G1314A). Spectral and chromatographic data were analyzed using Agilent ChemStation software. For chromatographic separation, 100 μL of sample was injected into a C 18 reversed phase column (5 micron, 250 × 4.6 mm, Varian, US). Elution was carried out at a flow rate of 0.75 mL/min with the following two-buffer gradient system: solvent A, 0.2% triflouroacetic acid (TFA) in water (v/v) and solvent B, 100% ME, with a linear gradient starting at 5-95% ME within 60 min, initial conditions were then re-established over 10 min. The UV detector was calibrated and the eluate was monitored at 280 nm at 1 s intervals. The stock solution of (20 µL) was prepared at 1 μg/mL in ME. The standards were purchased from Sigma Chemical Company (St. Louis, MO, USA).
Statistical Analyses
All experiments were performed at least in duplicate. Statistical analyses were performed using factorial analysis with the generalized linear model (GLM) procedure and correlation (R 2 ) analysis with the SAS program version 8.2 (SAS 2002 Institute Inc., Cary, NC, USA). Statistical significance was accepted at a level of p ≤ 0.05. Table 1 shows the effect of different extraction solvents on phenolic content. Generally, the phenolic content was affected greatly by the type of extraction solvent. Overall, AC was the most efficient solvent for phenolic extraction from ginger, followed by ME. Marja et al. [26] reported that either the mixture of 70% AC or 80% ME in water extracted the highest amount of phenolic compounds in selected medicinal plants. Badami et al. [27] found that the phenolic content extracted from ginger was 3.35 mg/g using water extraction, which is similar to our findings with DW extraction (Table 1) . Jensen et al. [28] found that the extraction temperature, time and ratio of solvent affected the content of extracted phenolic compounds from red grapes. Tlili et al. [29] reported that the content of phenolic compounds in the ME extract from Thymus vulgaris was 11.80 mg/g, whereas ginger methanolic extract had a phenolic content of 8.71 mg/g in the present study. Table 2 indicates the effect of time and temperature of extraction on the content of phenolic compounds using ME extraction. The content of phenolic compounds extracted from ginger 
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generally showed no significant variations with temperature and time of extraction; however, the highest total phenolic content was observed with extraction at 60ºC for 1 h. Likewise, the optimum temperature for extraction of phenolic compounds has previously been noted to be 60ºC in olive cake [23] and rice. [30] Hodzic et al. [31] has reported that raising the temperature of extraction increases the extractability of phenolic compounds from rice, rye, oats, buckwheat, barley, wheat, and corn. Onofre and Hettiarachchy [30] showed that the phenolic yield from rice bran increased with a longer time of extraction at 95°C. As the time of extraction increased from 0.5 to 1 h, the content of extracted phenolic compounds was shown to increase in rice bran. [30] Jensen et al. [28] also found that the extraction temperature and time increased the total content of phenolic compounds in red grapes. In the present study, however, an increase in extraction time ranging from 1 to 8 h at all the tested temperatures was not associated with an increase in extraction of phenolics from ginger.
Effect of Extraction Solvents on Antioxidant Activity, Ace Inhibitory Activity, and α-Glucosidase Inhibition Table 1 demonstrates the effect of solvent extraction using ME, AC, DW, and mixtures of these solvents on the antioxidant activity, ACE inhibitory activity, and α-glucosidase inhibitory activity of the phenolic compounds extracted from ginger. The results revealed that the solvent extraction associated with the highest antioxidant activity was found with the combination of ME, AC, and water solvents (1:1:1), as this combination was more effective than the extractions performed with DW, AC, or ME alone. Likewise, a 1:1 combination of DW with either AC or ME was more effective than either AC or ME alone. Both AC and ME extracts showed higher antioxidant activities compared to DW extracts. Badami et al., [27] studying Zingiber officinale Z., reported that the minimum antioxidant activity among medicinal extracts was obtained using a water extract with a value of 15.64%. Hernandez et al. [32] found that the antioxidant activity of Rosmarinus officinalis L. extracts was higher compared to other medicinal plants. Arumugam et al. [33] reported that the antioxidant activities of hexane, chloroform, ethyl acetate, and water extracts from Mentha spicata L. had values ranging from 8 to 95%. Similarly, Haddad and Dezashibi [34] found that the ME extraction of henna leaves gave a higher antioxidant activity compared with water extraction. The combination of AC and ME, however, lowered antioxidant activity relative to the single solvent extractions. The optimum activity of ACE inhibition of phenolic compounds in ginger was obtained in an extraction mixture of ME, AC, and water, which is similar to the observations on antioxidant activity. As observed with antioxidant activity, the combination of water with either AC or ME showed more effective ACE inhibitory activity than either AC or ME alone. In contrast to the antioxidant activity results, AC and ME extracts had lower ACE inhibitory activity than DW extracts, but the AC and ME combination increased ACE inhibitory activity. The antihypertensive properties were obtained in water and ME extracts of Gynura procumbens. [35] Pinto et al. [36] reported that a water extract of Brazilian strawberry inhibited the activity of ACE. As opposed to antioxidant and ACE-inhibitory activities, the highest α-glucosidase inhibitory activities were obtained via the mixture of AC and water extraction. As opposed to the greatly increased αglucosidase inhibitory activities shown by the addition of DW with AC, the combination of DW with ME lowered α-glucosidase inhibitory activities relative to ME alone. The water extract of Azadirachta indica and ME extract of potatoes (Solanum tuberosum L.) showed inhibitory effects for α-amylase enzyme. [37, 38] McCue et al. [39] reported relatively low inhibitory activities of αglucosidase in water extracts of soybean over a range of 1.00 to 1.20%. A similar degree of inhibition of α-glucosidase activity (82.3%) was observed in the present study with the ME extract of ginger as with methanolic extracts of Eucalyptus, which gave a dose dependent range of inhibitory activities of α-glucosidase with a range of values from 20.00 to 93.00%. [40] Similar to the relatively low antioxidant activities shown with DW extracts, the lowest value of inhibitory activity for α-glucosidase was observed with the water extraction of ginger. Overall, the present findings indicate major solvent dependent differences in bioactivities among the ginger extracts, as the different solvent extraction protocols were optimal for different bioactivities. Table 2 shows the effect of extraction time and temperature for phenolic compounds on the antioxidant activity, ACE-inhibitory activity, and α-glucosidase inhibitory activity of ginger. Generally, the antioxidant activities of phenolic compounds in ginger showed no consistent variations as the temperature and time of extraction gradually increased, although ME extraction at 60ºC had higher antioxidant activity at 3 h relative to 40ºC. Likewise, higher antioxidant activity was noted at 50ºC than 40ºC after 6 h methanolic extraction. As opposed to antioxidant activity, both temperature, and time were associated with major variations in the ACE inhibitory and αglucosidase inhibitory activities of the extracted phenolic compounds. Higher ACE inhibitory activity was associated with 60ºC than 40ºC extraction after 1 and 3 h. Several studies have demonstrated that extraction of phenolic compounds at high temperature for a shorter time provides a higher ACE inhibitory activity due to an increase in the solubility and rate of diffusion of phenolic compounds. Conversely, the maximum value of ACE inhibitory activity with ME extraction was observed at 40ºC for 6 h. Both 40 and 60ºC were associated with a major drop in ACE inhibitory activity at 8 h. The latter observations are in concert with studies showing the use of higher temperatures for a more prolonged time may denature the chemical structure of biologically active compounds. [30] The present findings show relatively higher ACE inhibitory effects than those previously noted with ethanolic extracts of wild plants. The highest value of ACE inhibitory activity in Rhodiola species was extracted using ethanol at 40°C for 3 h with a value of 38.5%, while the lower values of ACE inhibitory activities were extracted in ethanol extracts of oregano, lemon balm, and Melissa officinalis with 18.5, 0.5, and 0.5%, respectively. [41] The highest values of α-glucosidase inhibitory activity were obtained in extractions of phenolic compounds at 40ºC for 3 h from Zingiber officinale Z. with a value of 73.70%, which showed a significant drop in activity at 8 h. In contrast, the lowest value of inhibitory activity for αglucosidase was 22.91% observed at 50°C after 1 h extraction that increased significantly after a 3 h extraction. The above α-glucosidase inhibitory activities are within the range of previous OPTIMIZATION OF EXTRACTED PHENOLIC COMPOUNDS FROM GINGER observations with ethanol extracts of other wild plant species. For example, Kwon et al. [41] reported that the α-glucosidase inhibitory activity of ethanol extracts from oregano and lemon balm at 40°C for 3 h were 80 and 75%, respectively. The α-glucosidase inhibitory activity of ethanol extracts from Saliva species at 40°C ranged from 52.24 to 24.95%. [42] Content and Biological Properties of Free and Bound Phenolic Compounds Table 3a demonstrates the phenolic content and bioactivities of extracted free and bound phenolic compounds from ginger using: (a) ME extract obtained at 30°C (FP-30°C extract); (b) ME extract generated at 50ºC (FP-50°C extract); (c) base hydrolysis followed by ME extraction (BP-base extract); and (d) acid hydrolysis followed by ME extraction (BP-acid extract). The total content of free phenolic compounds was higher in the FP-30°C extract versus the FP-50°C extract, which was associated with significantly higher antioxidant and αglucosidase inhibitory activity. In contrast, ACE inhibitory activity was associated with the lower free phenolic content observed in the FP-50°C extract. Similar associations were observed with the bound phenolics as the BP-base extract had markedly higher bound phenolic content than the BP-acid extract along with greater α-glucosidase inhibitory activity, although antioxidant activity did not vary. As observed with the free phenolic acid extracts, higher ACE inhibitory activity was associated with lower total phenolic content of the BPbase extract. The above results indicate that higher total phenolic content with various extractions does not necessarily relate to an increase in bioactivity. It is conceivable that more selective extractions of phenolic compounds with certain solvent extraction conditions could lead to higher bioactivities regardless of lower total phenolic content as observed with the above ACE inhibitory activities. Table 3b shows the correlation coefficients between phenolic content and the tested bioactivities associated with the extracted phenolic compounds from ginger. Antioxidant activity was strongly positively correlated with the content of extracted phenolic compounds in ginger, whereas ACE inhibitory activity of phenolic compounds was negatively correlated with antioxidant activity in Zingiber officinale with value of -0.85. Previous studies have shown plant food and wild plant variations in terms of the relationship between phenolic content and bioactivities. Karadenuz et al. [43] found positive correlations between antioxidant activity and content of phenolic compounds in potato, onion, spring onion, red radish, and red cabbage; however, no correlation between phenolic acid content and antioxidant activity was obtained in strawberries. [36] In the present work, a negative correlation was observed between antioxidant and ACE inhibitory activity, while a positive relationship was observed between the ACE inhibitory and α-glucosidase inhibitory activities. Ahmed et al. [44] found a strong positive correlation (0.893) between antioxidant activity and ACE inhibitory activity in stem bark of Ficus racemosa. Nho et al. [45] reported that the correlation between total phenols and ACE inhibitory activity in Boehmeria nivea was 0.689. A strong positive correlation between total content of phenolic compounds ND: not detected; *Percentage of total phenolic content based on peak areas; The values are means for two replicates ± SD (standard deviation). The values are means for two replicates ± SD (standard deviation). and ACE inhibitory activity was obtained in Thymus vulgaris and Mentha spicata with values of 0.71 and 0.27, respectively. On the other hand, Nho et al. [45] found strong negative correlations between antioxidant activity and ACE inhibitory activity in Boehmeria nivea extracts, similar to those observed in our present study.
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Effect of Extraction Solvent, Time, Temperature, Acid, and Base on Contents of Individual Phenolics by RP-HPLC Tables 4 and 5 illustrate that the concentrations of major phenolics were altered depending on extraction conditions including solvent type, time, and temperature. Carvacrol was the predominant phenolic compound detected in extractions involving AC, DW, a 1:1 combination of ME and DW, and the combination of ME, AC, and DW solvents (1:1:1; Table 4 ). In contrast, carvacrol was not detectable in the ME extract and diosmin was the major predominant phenolic compound. Thymol was predominant for the 1:1 combination of ME and AC, as well as for the 1:1 AC and DW combination ( Table 4 ). Although diosmin was predominant in ME extracts obtained from extractions at 40 and 60°C for 1 h, the predominant phenolic compound from ME extraction at 50°C for 1 h was kaempferol. A more prolonged extraction for 3 h, however, was associated with major increases in thymol in extracts generated at all temperatures of 40, 50, and 60°C, followed by subsequent decreased thymol concentrations at 6 and 8 h. The profile of the major phenolic in the ME extracts was altered after the 6 h extraction as diosmin was once again predominant at all The values are means for two replicates ± SD (standard deviation).
temperatures of extraction (Table 5 ). At 8 h of extraction, diosmin was also the predominant phenolic in methanolic extracts generated at temperatures of 40 and 50°C, whereas carvacrol was the major phenolic observed at 60°C (Table 5 ). RP-HPLC profiles showed that the major free predominant phenolic compound was diosmin in the FP-30°C extract and carvacrol in the FP-50°C extract. No phenolic compound predominated in the BP-base extract as relatively low concentrations of several phenolics were observed, whereas diosmin was the major phenolic component in the BP-acid (Table 6 ). In light of the above, it is likely that the varying bioactivities observed among different types of extracts could be explained by the patterns in the appearance of predominant phenolics that are dependent on solvent type and the extraction conditions of time and temperature.
CONCLUSIONS
The present study has shown that optimum extraction conditions in ginger vary greatly in terms of maximum phenolic content, antioxidant activity, ACE inhibitory activity, and α-glucosidase inhibitory activity. In general, extraction conditions of the solvent used and the temperature and time of extraction needed for maximal antioxidant and ACE inhibitory activity differed substantially from the solvent conditions associated with the highest α-glucosidase inhibitory activity. In that regard, negative correlations were observed between antioxidant activity and ACE inhibitory activity. Thus, differing solvent extraction protocols involving extraction time and temperature for ginger are needed to generate specific optimal bioactivities of these extracts. In support of these observations, the major phenolics diosmin, thymol, and carvacrol in the ME extracts showed a varying pattern of appearance that was dependent on temperature and time of extraction. Further studies are needed to determine the specific functionalities of the major phenolics toward the antioxidant, ACE inhibitory and α-glucosidase inhibitory activities of the ginger extracts.
